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Abstract 
Improving the capacity for physical activity interventions to maintain behaviour change is a key 
public health concern and an important strategy for the health and independence of older adults. 
Ways of ensuring effective maintenance of physical activity levels in older adults is unclear. This 
study includes the objective measure of moderate-vigorous physical activity (MVPA), self-
reported self-efficacy, and self-regulation at four timepoints (baseline, intervention completion at 
4 months, 12-, and 18-month follow-up) from the SITLESS study, a clinical trial conducted with a 
cohort of community-dwelling older adults (≥65 years) from Denmark, Germany, Spain, and 
United Kingdom. A cross-lagged analysis found that self-regulation and self-efficacy may be key 
determinants of MVPA behaviour in community-dwelling older adults. More specifically, the use 
of behavioural support strategies represents an important correlate of MVPA behaviour, and its 
association with MVPA may be mediated by self -regulation and -efficacy in older adults in the 
short and long term. 
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Older adults are the fastest growing segment of the world’s population, and preserving functional 
capability, cognitive performance, and independence remains a key health priority (WHO, 2011). 
Evidence suggests that physical activity plays an important role in the promotion and maintenance 
of mental and physical health in older adults through social, psychological, and biological 
mechanisms (Bangsbo et al., 2019; Cunningham et al., 2020; Fried et al; 2020; Silverman & 
Duester, 2014; Zubala et al., 2017; WHO, 2014). Despite these benefits, most older adults fail to 
meet the physical activity guidelines of 150 minutes of moderate to vigorous physical activity 
(MVPA) on five or more days per week (CMO, 2019; DoHHS, 2018; Hallal et al., 2012; Murray et 
al., 2017; Rhodes et al., 2017). In fact, research shows that physical activity level in older adults 
declines with age (Lee et al., 2015). Furthermore, evidence shows that 12.5% of older adults over 
55 years are physically inactive across Europe (Gomes et al., 2017).  In the UK, 29% of older 
adults aged between 65 to 74 years, and 52% aged 75 years or older are physically inactive 
(Sports England, 2019). 
 
A widely used model for the promotion of physical activity involves the referral of insufficiently 
active individuals by their primary health care team to an exercise referral scheme (ERS). In the 
UK this usually involves a 12-week exercise programme carried out in a non-clinical environment 
such as a local leisure centre (DoH, 2011; NICE, 2014; Rowley et al., 2018). In general, evidence 
supports the health benefits of such programmes (NICE, 2014; Rowley et al., 2018), but suggests 
that health-related gains or increased physical activity levels are rarely sustained in the longer-
term (Pavey et al., 2011; Murphy et al., 2012; Rowley et al., 2018) perhaps due to health-related 
issues or physical capability (Arnardottir et al., 2013; Franco et al., 2015). More specifically, ways 
of ensuring effective maintenance of physical activity levels in older adults at one year or beyond 
are unclear (Zubala et al., 2017). Therefore, improving the capacity for interventions such as ERS 
to achieve and maintain improvements in physical activity is a key public health concern and an 
important strategy for managing the health and independence of older adults (WHO, 2002). 
 
Interventions underpinned by a behavioural theory have been shown to be more effective in 
maintaining physical activity (Dombrowski et al., 2016; Michie & Abraham, 2004; McEwan et al., 
2019; Rhodes et al., 2017), and one of the most applied theoretical approaches is social cognitive 
theory (SCT) (Bandura, 1986; 1997). SCT proposes that change in physical activity behaviour is 
achieved by two complementary paths: directly through changes in self-regulation, achieved 
through behaviour change strategies such as planning, scheduling, or self-monitoring; and 
indirectly via the effects of self-regulation on self-efficacy, the belief in one’s own capabilities to 
carry out a course of action (Bandura, 1986; 1997; 2004). Empirical evidence supports this theory 
in younger adults where Teixeira et al.’s (2015) systematic review (n=6 studies; range 25-44 
years) found evidence (2/3 studies) for both paths; and Murray et al.’s (2018) systematic review 
(n=39 studies; mean age 53 years) showed that self‐regulation was significantly associated with 
physical activity both during the six months after baseline assessments (n=3/3 studies, 100%), 
and also in the mid to long term (six months or later) 16 (n=1/1 study,100%) in young to middle-
aged adults.  
 
Evidence supporting the efficacious of SCT in older adults is mixed. McAuley et al.’s (2011) study 
among 177 participants (mean age 66.44 years) suggests self-regulation strategies enhance self-
efficacy, which in turn leads to sustained increase in exercise behaviour, a structured component 
of physical activity, at 11 months post intervention. In contrast, a systematic review carried out by 
French et al. (2014) (n=24 studies; ≥60 years) found that whilst physical activity interventions such 
as walking increased self-efficacy (effect size (d)=0.37) and physical activity (d=0.40), self-
regulatory techniques such as goal setting and planning were associated with lower levels of self-
efficacy and physical activity. This could be due to, for example decreased executive function or 
the lack of relevance of such techniques for older adults where older adults may have increased 
work or childcare responsibilities and so less time for physical activity planning. Further studies 
exploring the efficacy of components of SCT, such as self-regulation and self-efficacy in older 
adults are warranted. 
 
The aim of this analysis was to assess the theoretical assumption that physical activity behaviour 
change is mediated by self-regulatory strategies and self-efficacy in older adults (≥65 years) using 
objectively measured moderate to vigorous physical activity (MVPA) using an accelerometer, as 
well as self-reported measures of self-efficacy and self-regulation from the  
 
Methods 
This analysis is based on the SITLESS study, a multi-centre randomised controlled trial of 
exercise in community-dwelling men and women aged ≥65 years from across Denmark, Spain, 
Germany, and the United Kingdom (Giné-Garriga et al., 2017). Participants were eligible if they 
were able to walk for ≥2 min (with or without a walking aid); scored four or above on the Short 18 
Physical Performance Battery (SPPB) (Guralnik et al., 1995); were inactive, defined as engaging 
in ≤30 minutes of moderate intensity physical activity five days per week; and/or spent 6–8 hours 
per day sitting. Participants were excluded if they had three or more errors on a six-item cognitive 
impairment questionnaire to identify moderate or severe dementia; suffered from unstable 
medical conditions (e.g. elevated blood pressure after medication, uncontrolled hypertension) or 
symptomatic cardiovascular diseases that contraindicate participation in physical activity; could 
not commit to attend 75% of the exercise referral scheme (ERS) sessions throughout the 
intervention; and/or had participated in an ERS in the six months prior to their entry into the study. 
A total of 2,660 older adults indicated their willingness to participate across the four countries via 
media (letters and social media), general practitioners and other health professionals from primary 
care, and senior centre community groups. Of those, 45.15% did not enter the study (27.3% of 




The participants were randomly divided to one of three groups – two intervention groups (Group 
1 and 2), and a control group. Group 1 attended an exercise programme and received behavioural 
change support. The exercise programme ran over four months and involved two sessions per 
week of 45-60 minutes of aerobic, strength-based, balance and flexibility activities. Behavioural 
change support focused on implementing various strategies to reduce sitting time while increasing 
physical activity and consisted of a) a one-to-one session, six group-based sessions, and four 
telephone calls; b) goal setting with a pedometer and activity diary (i.e. monitoring daily number 
of steps and/or time in physical activity); c) encouraging participants to use support from friends 
and family to help them reach the goals they set for themselves; and d) problem solving 
techniques were provided to help participants identify and respond to barriers they faced when 
changing their behaviour. Group 2 attended the exercise programme only. The control group 
attended two healthy living advice sessions only, one during the first four months post baseline, 
20 and one four months later.  
 
Participants were assessed and data was collected at the start of the study (timepoint one), at 
intervention completion at 4 months (end of intervention; timepoint two), at 12-month follow-up 
(timepoint three), and at 18-month follow-up (timepoint four).  Further details can be found in the 
study protocol (Giné-Garriga et al., 2017). Informed by the MRC Framework for developing, 
evaluating, and implementing complex interventions (Craig et al., 2013), SITLESS has been 
approved by the various Ethics and Research Committees of each intervention site. Participation 
was voluntary and all participants provided informed consent before the start of the study.  
Measures 
This study uses each of the following measures at each assessment point:  
 
Self-efficacy 
Perceptions of confidence to adhere to physical activity over time, overcoming potential barriers, 
and to accumulate physical activity was assessed using the Marcus Self-efficacy Questionnaire 
(Marcus et al., 1992) (reliability of 0.38 to 0.76; Resnick & Jenkins, 2000), which asks how 
confident individuals are that they can be physically active when: i) tired, ii) in a bad mood, iii) 
they don’t feel they have time, iv) on holiday, and v) it’s raining or snowing, on a scale of 1 to 5 
11 (1 is not confident and 5 is extremely confident). The score range is 1 to 25 where a high score 
in this analysis indicates a high level of self-efficacy.  
 
Self-regulation 
The 12-item Physical Activity Self-Regulation scale (PASR-12) (Umstattd et al., 2009) (reliability 
of 0.79 to 0.95; Watanabe et al., 2018) includes six components, each with two questions relating 
to self-regulation strategies such as self-monitoring, goal setting, eliciting social support, 
reinforcement, time management, and relapse prevention. Items are rated from 1 (never) to 5 18 
(very often). The score range is 1 to 60 where a high score in this analysis indicates a high level 
19 of self-regulation. 
 
Moderate-vigorous physical activity (MVPA) 
All participants were asked to wear an accelerometer (ActiGraph wGT3X-BT+; Actiraph, LLC, 
Pensacola, FL) on their dominant hip during waking hours for seven consecutive days and were 
told to remove it during any water-based activities such as bathing or swimming, and during sleep 
time. The devices were initialised to collect data at the default 30Hz sampling rate (Brønd, & 
Arvidsson, 2016) and analysed using ActiLife v6.13.3 software. The normal filter was utilised and 
data summarized using 10-second epochs (Wilson, Skjødt, et al., 2020). Non-wear time was 
defined using the Choi, Liu, Matthews, & Buchowski (2011) algorithm which uses a window 
system, a 90-minute window for checking for consecutive zero counts and another 30 minute up- 
and down- stream window for checking for more than 2 minutes of non-zero counts (Choi et al., 
2011). The study included the results from participants with at least four valid days including at 
least one weekend day (Ricardo et al., 2019; Migueles et al., 2017). Furthermore, to be included 
each day had to include at least 600 minutes (10h/day) of wear time as in previous studies as 
recommended (Migueles et al., 2017). Physical activity was measured in daily counts per minute 
(CPM) where MVPA was >2020 CPM. This study uses the measure of average daily MVPA where 
a higher score indicates a higher level of MVPA. 
 
Covariates 
Evidence suggests that age, and sex affects physical activity levels (NHS Digital, 2019) and so 
the demographic variables of age (years), and sex (male/female) have been included in the 
analysis. Additionally, poor health is also a key determinant of physical activity (Franco et al., 
2015) and so the 12-Item Short Form Survey (SF-12) score for both mental and physical health 
was included in the analysis (summary score 1 to 100). 
 
Analysis 
Characteristics of the study population were summarised using descriptive statistics. To 
investigate the associations between self-efficacy, self-regulation and MVPA over four time points 
(baseline, intervention completion at 4 months, and 12- and 18-month follow-up) a multigroup 
analysis within a cross-lagged modelling approach was used where the parameters are 
constrained to be equivalent across groups. The model consisted of a measurement model 
(confirmatory factor analysis) and a structural model (Figure 1). Adjustments for covariates based 
on existing literature was made (Franco et al., 2015; NHS Digital, 2019). To investigate the 
underlying psychological mechanisms responsible for statistical significance in the cross-lagged 
analysis a series of Wald tests were carried out (Polit, 1996). To account for the geographical 
stratification within each country (Denmark, Germany, Spain, and United Kingdom), the stratified 
variable of ‘country’ was included in the analysis. Model parameters were estimated from raw 
data using a robust maximum likelihood approach which is robust to non-normality (Enders, 2013; 
Yaun & Bentler, 2000). 
 
Data was analysed using an intention-to-treat strategy, where data on at least one occasion was 
present.  Missing data was assumed to be missing at random, and the analysis was conducted 
using full information maximum likelihood, where model parameters were estimated directly 
(without imputation). Model fit was evaluated using a Root Mean Square Error of Approximation 
(RMSEA) ≤0.05 with an upper limit (90% CI) ≤0.08; a Comparative Fit Index (CFI) ≥0.95; a Tucker 
Lewis Index (TLI) ≥0.95; and a Standardised Root Mean Square Residual (SRMR) ≤0.08 (Hoyle, 
1995). Where the levels of fit indices were not achieved, the modification indices were examined, 
and where appropriate, adjustments were made. Statistical significance was set at p<0.05. All 
analysis was conducted in Mplus (version 7.4; Muthen & Muthen, Los Angeles, CA). 
 
Results 
Descriptive statistics have been calculated and are shown in Table 1. In brief, the sample 
analysed consisted of 1,360 participants (mean age 75.18 years; 62% female). On average 
participants spent 23 minutes per day engaging in MVPA (baseline). Average self-rated health 
scores (SF-12) were 44.96 for physical and 51.82 for mental health, which according to reported 
reference scores for older adults indicated generally good physical and mental health in our study 
population (Ware et al., 1996). The sample included older adults from Spain (26%); United 
Kingdom (24%); Denmark (25%); and Germany (25%). Participants scored on average 31.05 out 
of 60 on self-regulation, and 14.12 out of 25 on self-efficacy at baseline. 
 
The measures of self-efficacy and self-regulation were invariant (equal) across all time points. 
The fit statistics showed that the model fitted the data well with a Root Mean Square Error of 
Approximation ≤0.05 (RMSEA=0.03; 90% CI=0.03, 0.04), and a Standardised Root Mean Square 
Residual ≤0.08 (SRMR=0.06). The Comparative Fit Index (CFI=0.93) and Tucker Lewis Index 
(TLI=0.92) were slightly less than the recommended 0.95. Potentially the model could be fitted 
by the conventional criteria but given the good RMSEA result it was decided not to introduce any 
additional correlated residuals because there was no theoretical justification.  
 
The mean difference was tested for each measure across all timepoints. The results showed that 
there was no mean difference for MVPA between groups across time; that the mean difference 
for self-regulation was lower than Group 1 at timepoint two (intervention completion at 4 months) 
for both Group 2 (Est=-0.33, SE=0.12), and control group (Est=-0.61, SE=0.12), and additionally 
for control group at timepoint three (Est=-0.27, SE=0.14) and four (Est=-0.25, SE=0.14); and the 
mean difference for self-efficacy was lower than Group 1 at timepoint one for Group 2 (Est=-0.21, 
SE=0.06) and control group (Est=-0.21, SE=0.06).  
 
Direct effects 
The results from the cross-lagged analysis is summarised in Table 2 and are described below. 
 
Figure 1 - paths A, B, C, D, E and F  
 
Table 2 shows that the measures of MVPA, self-regulation, and self-efficacy are statistically 
significantly associated across all timepoints in all groups (Figure 1, path A, B, and C). The direct 
effect between Group 1 and control group is statistically significant between timepoints one and 
two for MVPA (Wald=8.78; p<0.005); for self-regulation (Wald=5.02; p<0.05); but not for self-
efficacy at the end of the intervention (4 months). The direct effect is also statistically significant 
across timepoints two and three between Group 1 and control group for self-regulation 
(Wald=11.99; p<0.005); and Group 2 and control group for self-efficacy (Wald=14.97, p<0.005 
(12-month follow-up). 
 
Additionally, Table 2 shows that self-regulation has a statistically significant direct effect on MVPA 
at each timepoint for Group 1 (time 1: Est=0.01, SE=0.01; time 2: Est=0.11, SE=0.06; time 3: 
Est=0.26, SE=0.09; and time 4: Est=0.15, SE=0.08), but only for Group 2 (Est=0.25, SE=0.06) 
and control (Est=0.23, SE=0.08) at timepoint three (Figure 1, path D).  
 
Self-regulation also has a statistically significant direct effect on self-efficacy at timepoint one for 
all groups (Group 1: Est=0.09; SE=0.03; Group 2: Est=0.19, SE=0.03; and control: Est=0.10, 
SE=0.03); at timepoint two for both intervention groups (Group 1: Est=0.11, SE=0.04; Group 2: 
Est=0.12, SE=0.05); and at timepoints three (Est=0.12, SE=0.05), and four (Est=0.24, SE=0.07) 
for Group 2 only (Figure 1, path E). The direct effect was significant between Group 2 and control 
at timepoint one (Wald=4.29; p<0.05) (intervention completion at 4 months). 
 
Furthermore, self-efficacy was not statistically significant for MVPA at any timepoint excluding 
timepoint one (Est=0.03, SE=0.02) (Figure 1, path F). 
 
Figure 2 - paths 1, 2, 3, 4, 5, and 6 
 
These paths were included to investigate the total effects in the model but showed a discontinuity 
of results between timepoints.  
 
Indirect and total effects  
Self-regulation had a statistically significant total effect on MVPA via the effect of self-efficacy 
within the same timepoint for Group 1 at timepoint one (Est=0.02, SE=0.01), and two (Est=0.13, 
SE=0.06). It is statistically significant at timepoint three for all groups (Group 1: Est=0.26, 
SE=0.09; Group 2: Est=0.25, SE=0.06; and control: Est=0.22, SE=0.07) (Figure 1, path E*F+D). 
The direct effects between groups was not statistically significant at timepoint three.  
 
Additionally, Table 2 shows that self-regulation has a statistically significant effect on MVPA 
between timepoints one and two for both intervention groups (Group 1: Est=1.01, SE=0.28; 
Group 2: Est=0.41, SE=0.21); between timepoints two and three for all groups (Group 1: 
Est=1.85, SE=0.54; Group 2: Est=1.38, SE=0.34; control: Est=0.87, SE=0.34); and between 
timepoints three and four for Group 1 only (Est=1.40, SE=0.51) (Figure 1, path (E*A) + (E*F*A) + 
(B*D) + (B*E*F) + (E*C*F)). The direct effect was statistically significant between Group 2 and 
control between timepoints two and three (Wald=4.00, p=0.05) (18-month follow-up). 
 
Also, self-regulation (Est=0.15, SE=0.06) and self-efficacy (Est=0.34, SE=0.16) at timepoint one 
had a statistically significant total effect on MVPA at timepoint four via its effect on MVPA at 
timepoint one for Group 1 only (18-month follow-up). 
 
Covariates 
Self-rated health was statistically related to self-efficacy (p<0.05)for all groups (intervention group 
one: Est=0.02, SE=0.01; intervention group two: Est=0.02, SE=0.01; control group: Est=0.03, 
SE=0.01); for self-regulation in the control group only (Est=0.02, SE=0.01); and for MVPA level 
in all groups (intervention group one: Est=0.01, SE=0,00; intervention group two: Est=0.01, 
SE=0.00; control group: SE=0.01, SE=0.00). Participants with poor health had lower self-efficacy, 
lower self-regulation, and lower MVPA levels.  
 
Age was also statistically significant for MVPA level in all groups (intervention group one: 
Est=0.13, SE= 0.02; intervention group two: Est=-0.09, SE=0.01; control group: Est=-0.08, SE= 
0.01) where much older adults had lower levels of MVPA. 
 
Additionally, sex was statistically significant for MVPA levels only in intervention group one (Est=-
0.04, SE=0.02) where females had lower levels of MVPA. 
 
Discussion 
Summary of findings 
This is one of a few studies to examine the mediating effect of self-regulation and self-efficacy in 
physical activity interventions over time using a large population of community-dwelling older 
adults across four European countries (Bully et al., 2015; Zubala et al., 2017). A cross-lagged 
analysis was tested to investigate whether self-regulation and self-efficacy mediate change in 
MVPA; and how this relationship changed over time, controlling for the covariates of age, sex, 
country of residence and self-reported health. Overall, whilst the difference between a multi-
component intervention (incorporating both behavioural change support strategies and an 
exercise programme) and an exercise only intervention has not been confirmed to be statistically 
significant, the analysis showed that a multi-component intervention maintains MVPA via self-
regulation or self-efficacy in the short-term (intervention completion at 4 months) (total effects: 
Est=0.13; SE=0.06); and may have potential implications for MVPA change in the longer-term 
(18-months follow-up) (total effects: Est=0.26; SE=0.09) for older adults.  
 
Firstly, the results suggest that, within the context of the model, a multi-component SITLESS 
intervention that includes both exercise and behavioural change support strategies, enhances 
the relationship between MVPA across time (intervention completion at 4 months) over and above 
an exercise only programme (baseline) (Wald=8.78; p<0.005). This may be because of the 
psychological support offered in multi-component interventions in helping change every day 
routines, which may build on the intentions and motivations of participants entering an exercise 
programme (Schwarzer, 2008). This finding is supported by Zubala et al.’s (2017) review of 
reviews exploring the effects of physical activity interventions (n=19 reviews; mean age 59.8 to 
79 years) which found that multi-component interventions had small to moderate effects (Cohen 
5)=0.37) on both objective and self-reported physical activity adherence in older adults.  
 
Additionally, Bandura et al.’s (1986; 1997) SCT posits that behaviour is both directly influenced 
by self-regulation, and indirectly via the effects of self-regulation on self-efficacy. Similarly, 
previous research among 177 older adults (mean age 66.44 years) found that self-regulatory 
practices had a significant association with objectively measured physical activity adherence via 
the effect on self-efficacy (Est=0.07, SE=3.70) up to 11 months (McAuley et al.’s, 2011); and 
Rhodes et al.’s (2020) review (n=51 studies) found that whilst overall physical activity 
interventions are capable of making changes within the small effect size range (r=0.16) to key 
variables within SCT, the largest effect estimates were between physical activity and behaviour 
regulations (r=0.29; 95% Confidence Intervals (CI): 0.14, 0.43). Our analysis also found that 
whilst the difference in MVPA between a multi-component and an exercise only intervention has 
not been confirmed to be statistically significant, our multi-component intervention had a 
significant association with MVPA in older adults directly through changes in self-regulation 
(direct: Est=0.11; SE=0.06), or indirectly via the effects of self-regulation on self-efficacy in the 
short-term (indirect: Est=0.13; SE=0.06) (intervention completion at 4 months).  
 
Furthermore, whilst previous research supports the predictive capability of self-regulation for 
physical activity behaviour in the general population over time (Murray et al., 2018; McEachan et 
al., 2016; Rhodes et al., 2020; Young et al., 2014), studies in older adults suggest that there is 
no association. Research suggests that cognitive decline associated with the ageing process may 
limit the ability to exert control over, or self-regulate behaviour resulting in non-adherence to 
exercise programmes (Kwasnicka et al., 2016). Additionally, recent reviews by Devereaux-
Fitzgerald et al. (2016) (n=14 studies; >65 years), and Zubala et al. (2017) (n=19 studies; >50 
years) suggest that enjoyment driven by social connectedness, and not cognitive strategies, is a 
key determinant for physical activity maintenance in older adults. In contrast, this analysis showed 
a longer-term association between the measures of self-regulation and MVPA (18-month follow-
up). The differences in the findings may be due to the composition of the intervention where for 
example, encouragement from friends and family was one of the components included in the 
behavioural support strategies which may have confounded the findings. Additionally, the long-
term influence of self-regulation should be considered with caution, because the results show that 
both exercise only and control groups also showed an association between the measures of self-
regulation and MVPA at 12-month follow-up suggesting that the results could be independent of 
the intervention. Therefore, self-regulatory strategies may be beneficial in physical activity 
promotion, but further research needs to explore 13 the potential of such strategies for older 
adults over the long-term in terms of changing physical 14 activity behaviour. 
 
Evidence supporting the importance of self-efficacy as a predictor of long-term physical activity 
maintenance is mixed. A recent review in the general population by Rhodes et al. (2020) (n=51 
articles; n=20,000 participants) found no association between self-efficacy and physical activity 
adherence. In contrast, McAuley et al. (2003; 2007) reported an association between stronger 
self-efficacy and higher levels of physical activity at two and five-year follow-up (N=174 
participants; mean age 66.7 years at baseline); and Schwarzer et al. (2008) (N=835 participants) 
found that stronger self-efficacy was associated with an increased maintenance of physical 
activity at four, eight, and 12-month follow-up. Our analysis supports that self-efficacy has an 
association with MVPA in the longer term (18-month follow-up) via its effect on MVPA at baseline 
(total effects: Est=0.34; SE=0.16), suggesting that multi-component interventions affect self-
efficacy which sustains MVPA over the longer-term. Future studies should include an intervention 
mechanism to directly explore associations of self-efficacy over time (Rhodes & Blanchard, 
2007).  
 
Strength and limitations 
Previous studies have highlighted that physical activity levels from interventions are rarely 
sustained and ways of maintaining these levels in older adults are unclear. A key strength of this 
study is that it adds to our understanding of which intervention components can maintain changes 
in physical activity in a rapidly ageing society (Pavey et al., 2011; Murphy et al., 2012; Rowley et 
al., 2018; Zubala et al., 2017). It also explores the underlying mechanisms using a cross-lagged 
analysis which simultaneously estimates both direct and indirect associations therefore enabling 
exploration of the reciprocal relationship between MVPA, self-regulation, and self-efficacy using 
data over four timepoints and up to 18 months’ duration. This approach provides a more rigorous 
examination of the theoretical principles that can help understand how and why interventions 
succeed or fail (Bully et al., 2015). Furthermore, this analysis uses confirmatory factor analysis 
(CFA) (configural, metric, and scalar invariance) to address reliability and variance of the 
measures of self -regulation and -efficacy and so increases the robustness of the findings (Hays 
et al., 1994; Selig & Little, 2012). Additionally, using an accelerometer to measure physical activity 
overcomes some of the bias introduced by self-reported measures which may be influenced by 
health status, mood, depression, anxiety, or cognitive ability, as well as seasonal variation, and 
social desirability (Dyrstad et al., 2014; Murphy, 2009; Saelens et al., 2012).  
 
However, whilst considering the contribution of this study, it is important to acknowledge some of 
the possible limitations that might influence the interpretation of the data. Firstly, a limitation of 
any study is selection bias, where individuals volunteering may have increased levels of 
motivation and capacity for change than the general population which may lead to higher levels 
of physical activity and so more biased results (Munafò et al., 2017; Kwasnicka et al. 2016; 
Rhodes et al., 2020; Wade et al., 2018). For example, the SITLESS population showed high 
levels of MVPA (22.80 minutes) per day therefore exceeding PA guidelines. Additionally, the 
sample is composed of primarily females (62%) and descriptive statistics show that the sample 
are in good health (SF-12 scores are 44.96 for physical and 51.82 for mental; Ware et al., 1996) 
which make generalisation of the results difficult. Also, the model assumes that all the important 
predictors are included in the analysis, but there are many possible determinants of human 
behaviour (e.g. marital status, pain, comorbidities etc.) which may potentially confound the 
study’s findings, a common issue in most studies (Selig & Little, 2012). Furthermore, the model 
includes repeated measures across time which may give rise to a retest effect, where participants 
react to repeated questioning in the same way or try to meet the interviewer expectations (Selig 
& Little, 2012). 
 
Conclusion 
Our results indicate that self-regulation strategies and self-efficacy may be key determinants of 
physical activity behaviour in community-dwelling older adults by maintaining physical activity in 
the short-term. Importantly, the use of behavioural support strategies, represents an important 
correlate of physical activity behaviour, and its association with physical activity may be mediated 
by both self -regulation and -efficacy in older adults over the short and long term. The longer-term 
influence of self-regulatory strategies need to be further explored. These findings should be 
considered when designing optimal behavioural interventions that target physical activity change 
in older adults. 
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Table 1: Descriptive statistics of the SITLESS sample 
 








Age (yrs) 75.18 (6.17 
Marital status  
Married 

















338, 25%  
345, 25%  
356, 26%  
321, 24% 
MVPA per day (minutes) 23 (0.04) 
SF12-Mental score 51.82 (8.86) 
SF12-Physical score 44.96 (9.10) 
Self-efficacy score 14.12 (4.29) 
Self-regulation score 31.05 (10.57) 
Abbreviations: MVPA = Moderate-vigorous Physical Activity; SF-12-heath = 12-item Short Form 
Survey (SF-12) health questionnaire. 
Note: descriptive statistics includes missing data 
  
Table 2 Direct, indirect, and total effects between moderate to vigorous physical activity 
(MVPA), self-regulation, and self-efficacy (controlling for sex, age, and self-rated health) 
 








Group 1 & 
control 
Wald value 
Group 2 & 
control 
Direct effects      
Figure 1, path A      
MVPA between time 1 & 2 10.70 (0.82)* 6.89 (0.54)* 7.61(0.53)* 8.78* 0.71 
MVPA between time 2 & 3  0.94 (0.08)* 0.91 (0.08)* 0.88 (0.09)* 0.06 0.1 
MVPA between time 3 & 4 1.04 (0.10)* 1.18 (0.09)* 1.17 (0.08)* 0.9 0.03 
Figure 1, path B      
SR between time 1 & 2  0.51 (0.05)* 0.49 (0.05)* 0.67 (0.05)* 5.02* 3.42 
SR between time 2 & 3  1.42 (0.15)* 1.12 (0.12)* 0.87 (0.09)* 11.99* 1.72 
SR between time 3 & 4 1.09 (0.06)* 1.18 (0.10)* 1.13 (0.09)* 0.17 0.01 
Figure 1, path C      
SE between time 1 & 2  0.55 (0.07)* 0.52 (0.08)* 0.37 (0.07)* 3.07 0.56 
SE between time 2 & 3  0.17 (0.13)* 0.44 (0.09)* 1.00 (0.19)* 0.05 14.97* 
SE between time 3 & 4 1.06 (0.09)* 0.99 (0.13)* 1.40 (0.23)* 1.02 2.16 
Figure 1, path D      
SR time 1 on MVPA time 1 0.01 (0.01)* 0.01 (0.01) 0.01 (0.01) - - 
SR time 2 on MVPA time 2 0.11 (0.06)* 0.10 (0.06) 0.03 (0.08) - - 
SR time 3 on MVPA time 3 0.26 (0.09)* 0.25(0.06)* 0.23(0.08)* 0.29 0.08 
SR time 4 on MVPA time 4 0.15 (0.08)* -0.00 (0.11) 0.07 (0.10) - - 
Figure 1, path E      
SR time 1 on SE time 1 0.09 (0.03)* 0.19 (0.03)* 0.10 (0.03)* 0.18 4.29* 
SR time 2 on SE time 2  0.11 (0.04)* 0.12 (0.05)* 0.03 (0.05) - - 
SR time 3 on SE time 3 0.02 (0.05) 0.12 (0.05)* 0.10 (0.06) - - 
SR time 4 on SE time 4 0.08 (0.05) 0.24 (0.07)* 0.12 (0.08) - - 
Figure 1, path F      
SE time 1 on MVPA time 1 0.03 (0.02)* -0.00 (0.01) 0.01 (0.01) - - 
SE time 2 on MVPA time 2 0.18 (0.09) -0.00 (0.12) 0.15 (0.12) - - 
SE time 3 on MVPA time 3 0.04 (0.10) 0.01 (0.13) -0.02 (0.10) - - 
SE time 4 on MVPA time 4 -0.18 (0.10) 0.06 (0.10) -0.08 (0.13) - - 
Figure 1, path 1      
SR time 1 on MVPA time 2 -0.05 (0.05) -0.08 (0.05) -0.06 (0.07) - - 
SR time 2 on MVPA time 3 -0.28 (0.09)* -0.15 (0.06)* -0.14 (0.08) - - 
SR time 3 on MVPA time 4 -0.07 (0.10) -0.09 (0.12) -0.14 (0.13) - - 
Figure 1, path 2      
MVPA time 1 on SR time 2 0.07 (0.31) 0.44 (0.35) 1.14 (0.39)* - - 
MVPA time 2 on SR time 3 -0.02 (0.03) 0.00 (0.03) 0.01 (0.04) - - 
MVPA time 3 on SR time 4 0.03 (0.04) -0.02 (0.04) -0.01 (0.04) - - 
Figure 1, path 3      
MVPA time 1 on SE time 2 0.01 (0.18) 0.35 (0.24) -0.36 (0.24) - - 
MVPA time 2 on SE time 3 -0.00 (0.02) 0.00 (0.02) -0.01 (0.02) - - 
MVPA time 3 on SE time 4 -0.01 (0.02) -0.01 (0.03) -0.02 (0.04) - - 
Figure 1, path 4      
SE time 1 on MVPA time 2 -0.28 (0.12)* -0.05 (0.13) 0.05 (0.12) - - 
SE time 2 on MVPA time 3 -0.13 (0.10) 0.06 (0.11) 0.05 (0.12) - - 
SE time 3 on MVPA time 4 0.07 (0.10) -0.04 (0.14) 0.12 (0.13) - - 
Figure 1, path 5      
SE time 1 on SR time 2 0.05 (0.08) 0.15 (0.10) -0.02 (0.11) - - 
SE time 2 on SR time 3 0.04 (0.10) -0.08 (0.09) 0.09 (0.11) - - 
SE time 3 on SR time 4 0.03 (0.10) -0.10 (0.13) -0.15 (0.10) - - 
Figure 1, path 6      
SR time 1 on SE time 2 -0.04 (0.03) -0.07 (0.05) 0.03 (0.05) - - 
SR time 2 on SE time 3 -0.06 (0.06) -0.03 (0.05) -0.04 (0.06) - - 
SR time 3 on SE time 4 -0.03 (0.06) -0.21(0.07)* -0.24 (0.10)* - 0.00 
Total and indirect effects      
Figure 1, path (E*F) + (D)      
SR time 1 on MVPA time 1 0.02 (0.01)* 0.01 (0.01) 0.01 (0.01) - - 
SR time 2 and MVPA time 2 0.13 (0.06)* 0.10 (0.06) 0.03 (0.08) - - 
SR time 3 on MVPA time 3 0.26 (0.09)* 0.25 (0.06)* 0.22 (0.07)* 0.03 0.40 
SR time 4 and MVPA time 4 0.14 (0.08) 0.01 (0.10) 0.06 (0.10) - - 
Figure 1, path (D*A)+(E*F+A)+(B*D)+(B+E*F) + (E*C+F) 
SR time 1 on MVPA time 2 1.01 (0.28)* 0.41 (0.21)* 0.42 (0.31) - - 
SR time 2 on MVPA time 3 1.85 (0.54)* 1.38 (0.34)* 0.87 (0.34)* 0.47 4.00* 
SR time 3 on MVPA time 4 1.40 (0.51)* 0.94 (0.56) 1.04 (0.58) - - 
Figure 1, time 1 to 4 (summary total effect) 
SE time 1 on MVPA time 4  0.34 (0.16)* -0.02 (0.10) 0.08 (0.10) - - 
via MVPA time 1      
SR time 1 on MVPA time  0.01 (0.01) -0.00 (0.02) 0.01 (0.02) - - 
via SE time 1      
SR time 1 on MVPA time 4 0.15 (0.06)* 0.05 (0.04) 0.07 (0.04) - - 
via MVPA time 1      
Note: *statistical significance at p=0.05 level. 
Abbreviations: MVPA = Moderate-vigorous physical activity; SR=self-regulation; SE=self-efficacy; SF-12-heath = 12-item Short Form 
Survey (SF-12) health questionnaire; Time 1 = baseline; Time 2 = intervention completion at 4 months; Time 3 = 12-month follow-up; 
Time 4 = 18-month follow-up 
 
 
 
 
